to a large extent is preventable and treatable. [5] Failure to diagnose delirium not only increases morbidity and mortality rates but is also a source of distress to caregivers and the medical team. [6] The incidence of delirium varies widely depending on the setting [7] (hospital versus old age care centers) and the diagnostic criteria used. [8] Even within the hospital, the incidence varies in general wards, surgical wards, postoperative care, and ICUs, each of which has its unique risk factors and complications. [9] ICU delirium is especially important as it is associated with diagnostic challenges, greater morbidity, mortality, and therapeutic dilemma. [10, 11] Risk factors for delirium are categorized into predisposing factors and potentially modifiable/precipitating factors. [9] While precipitating factors are those that operate in the ICU, predisposing factors are those that are present well before admission to the hospital. The complexity of delirium lies in the fact that predisposing and precipitating factors interact in a myriad of ways randomly to influence the outcome at any given point in time. [12] Although more than 100 putative risk factors have been suggested in the literature, the evidence points to less than a dozen risk factors that are supported by either strong or moderate level of evidence. [13] Conventionally, delirium has been conceptualized as a temporary condition, but accumulating evidence suggests that it independently impacts on length of hospital stay, increased mortality both in the short-and long-term irrespective of the severity of the comorbid medical condition. [14] There is a paucity of Indian studies that have systematically assessed the incidence, risk factors, and outcomes of delirium in ICU settings. [15] [16] [17] [18] [19] [20] The aim of the present study was to explore delirium in a medical ICU setting. Our objectives were to study the (a) incidence, (b) recognition rate by ICU staff, (c) motoric subtypes, (d) predisposing factors, (e) precipitating factors, and (f) clinical outcome in terms of morbidity and mortality of medical ICU delirium.
MATERIALS AND METHODS
The study was prospective and observational in design conducted on all patients (consecutive sampling) aged 18 years and above admitted to the medical ICU of a tertiary care teaching hospital for 9 months. The research proposal was cleared by the Institute Ethics Committee. Patients were excluded if they were: (a) were delirious at the time of admission, (b) comatose throughout their ICU stay, (c) severely aphasic interfering with assessment, and (d) not willing to consent (proxy or self). All consecutive admissions in the medical ICU were assessed within 24 hs and every day thereafter, in the morning and late evenings. The endpoint was either a positive identification of delirium, discharge of the patient from the ICU or death. The following rating scales and questionnaires were administered: Sociodemographic proforma: Information regarding age, gender, and education.
The Confusion Assessment Method-Intensive Care Unit (CAM-ICU) scale was used to diagnose delirium. The scale was specifically developed for use in ICU settings even ON mechanically ventilated patients and requires <5 min to complete. When compared with the diagnosis of delirium made by experts based on Diagnostic and Statistical Manual of Mental Disorders criteria, CAM-ICU has a sensitivity of 95%-100%, specificity of 93%-98%, and inter-rater reliability of 0.79-0.95. [21] The Richmond Agitation-Sedation Scale (RASS) [22] was used to identify the motoric subtypes of delirium. [2] It is a 10 point scale with scores ranging from +4 to −5. Hyperactive delirium is defined as a persistent rating of +1 to +4 during all assessments. Hypoactive delirium is defined as a persistent rating of 0 to −3 during all assessments and mixed subtype is defined as present when the patients have rating of both hyperactive and hypoactive values.
Risk factors for delirium were assessed after an extensive literature review of studies, including those variables that had moderate-to-strong evidence. [13, [23] [24] [25] Risk factors were divided into predisposing and precipitating factors. The predisposing factors studied included age, gender, education, preexisting cognitive impairment, baseline physical status (Charlson Comorbidity Index), past episodes of delirium, depression, tobacco use, visual impairment, immobility, diabetes, hypertension, chronic kidney and liver disease, cardiac failure, stroke, and tuberculosis. Precipitating factors studied was anemia, hypoxia, fever, hypoalbuminemia, electrolyte imbalance, increased levels of bilirubin and creatinine, mechanical ventilation, pain, fractures, and medications such as anticholinergics, opiates, benzodiazepines, and steroids.
Preexisting cognitive impairment was assessed using the Short Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE). [26] It is a 16-item instrument scored on a 5-point Likert type scale that evaluates cognitive functioning in the past 6 months using inputs from the caregiver. The scale demonstrates high reliability (coefficient alpha 0.93-0.97) and acceptable validity against a clinical diagnosis of dementia. Scores >3.44 were taken to indicate preexisting cognitive impairment. [27] Visual impairment was defined as impairment in activities of daily living despite the use of visual aids (glasses, contact lenses) as defined by O'Keeffe and Lavan. [28] Preexisting medical comorbidity was assessed using the Charlson Comorbidity Index (CCI) which includes 22 conditions, each of which is assigned a score of 1, 2, 3, or 6 depending on the risk of dying associated with that diagnosis. [29] The total score gives an indication of the comorbid medical burden. The CCI has been used as an index of medical comorbidity in delirium studies. [15] The Behavioral Pain Scale (BPS) can be used in ICU settings both on verbal on nonverbal mechanically ventilated patients was used to quantify pain. [30] It comprises three observational items (facial expression, upper limbs, and compliance with ventilation) that are scored from 1 to 4, with higher numbers indicating higher levels of pain. The BPS demonstrates good internal consistency and inter-rater agreement. [31] The outcome of delirium was assessed by the duration of hospital stay, in-hospital mortality, and 1-month postdischarge mortality (assessed through telephonic contact). All the study instruments were administered by Ayush KJ under the supervision of Harshavardhan S. MINITAB 17™ software was used for statistical analysis. Descriptive data are expressed in mean, standard deviation, and percentages were appropriate. The Chi-square statistics (categorical data) and Student's t-test (continuous data) were used for analytical statistics.
RESULTS
Of the 280 consecutive ICU admissions that fulfilled the inclusion and exclusion criteria, 88 patients (31.4%) developed delirium. Table 1 illustrates the characteristics of the patients who developed delirium during their ICU stay.
Age (t = −0.05, P = 0.964, confidence interval [CI] 4.71, 4.93) and years of education (t = −1.57, P = 0.118, CI 0.272, 2.394) of patients did not significantly differ among ICU patients who did and did not develop delirium. There were no significant gender differences between patients who did and did not develop delirium ( 2 = 3.547, P = 0.06).
Medical comorbidity at baseline (Charlson Comorbidity Index) did not differentiate patients who did or did not develop delirium in the ICU (t = 1.57, P = 0.12). Preexisting cognitive impairment was assessed for patients aged 50 years and above (n = 188). Thirty-seven patients had preexisting cognitive impairment (IQCODE scores >3.44). There were no significant differences in cognitive impairment in patients with and without delirium ( 2 = 2.72, P = 0.099). Among the predisposing risk factors, only a history of delirium, tobacco use, and chronic liver disease were significantly associated with the development of delirium [ Table 2 ].
With regard to the precipitating risk factors, hyperbilirubinemia, raised serum creatinine, hypoxia, mechanical ventilation, fever, and administration of benzodiazepines were significantly associated with the occurrence of delirium [ Table 3 ]. There were no significant differences between BPS scores (t = 0.22, P = 0.825) and the total number of medications administered (t = 1.68, P = 0.095) between patients who did and did not develop delirium.
Regarding the outcome of delirium, duration of ICU stay (t = 4.23, P = 0.000), and 1-month postdischarge mortality ( 2 = 6.867, P = 0.009) were significantly worse for patients who developed delirium than those who did not. Death during ICU stay was greater in the delirium group (9.09%) as compared to that of the nondelirious group (5.21%), but the differences were not statistically significant ( 2 = 1.512, P = 0.219). [32] Indian studies in the ICU setting have reported prevalence rates ranging from 16% to 53.6%. [15] [16] [17] This wide variation in rates could be due to the type of ICU setting (medical, postoperative, cardiac ICU), instruments used (CAM-ICU versus others), and hospital setting (tertiary care referral centers tend to get more severe cases). Although Indian studies have investigated ICU delirium, they were not done exclusively on patients in the medical ICU setting. As discussed earlier, the nature of ICU setting (medical, surgical, neurology, cardiac, and respiratory) has a significant impact on the incidence, risk factors, and prognosis of delirium. [9] The following Indian studies [ Table 4 ] are similar to the present study methodologically (ICU settings and/or CAM-ICU rated and in patients belonging to all age groups). A study from PGIMER, Chandigarh, which evaluated patients admitted to the respiratory ICU reported a delirium incidence (using Delirium Rating Scale-Revised) of 24.4% with mechanically ventilated patients showing a higher rate. [15] Another study from the same center in the coronary ICU reported an incidence rate of 9.3% using the CAM-ICU. [16] Bamalwa et al. from Kasturba Medical College, Manipal reported a delirium incidence of 16% in the cardiac ICU among 50 consecutively admitted patients using the CAM. [17] Among patients admitted to medical and cardiac ICU (data not available separately for medical ICU), delirium was found in 10.3% using the Memorial Delirium Assessment Scale. [17] George et al., in their study, reported a delirium rate of 32% (17 of 53 patients) using Intensive Care Delirium Screening Checklist in medical and cardiac ICU settings (data not available separately for medical ICU) in a medical college hospital in Kerala. [19] Since this is the first Indian study of delirium exclusively in a medical ICU, our results need to be corroborated by future research in this specific setting.
Hypoactive subtype constituted more than half of the cases of delirium (n = 49, 55.68%) [ Table 1 ]. Hypoactive delirious states have been the predominant subtype in ICU settings in previous studies. [2, 32] Delirium was recognized only in 13.63% of the ICU patients, which was lowest for the hypoactive subtype (2.04%) [ Table 1 ]. This is primarily due to the very nature of hypoactive delirium that does Of the predisposing risk factors, only tobacco use, past episodes of delirium, and chronic liver disease were significantly associated with ICU delirium in our analysis. We found nicotine use as a significant modifiable risk factor for delirium in medical ICU patients. Pathophysiologically, both delirium and nicotine withdrawal (during hospitalization) are associated with cholinergic deficiency. [33] In a systematic review, nicotine use was independently associated with delirium and showed a dose-response relationship. [34] We also found that past episodes of delirium significantly predisposed patients to develop another episode. Lahariya et al. too found such an association. [16] Evidence from alcohol withdrawal delirium suggests that a kindling mechanism might explain this vulnerability. [35] However, it must be pointed out that past episodes of delirium were gathered from case records, self-report, or caregiver interviews, which might be subject to recall bias and poor data keeping all of which could lead to under-reporting. Despite this, we found this variable to be a significant risk factor for ICU delirium. The evidence for chronic hepatic dysfunction as a predisposing risk factor is mixed. [3, 13] Our results support the view that chronic liver disease (CLD) is significantly associated with the development of ICU delirium. We would like to disclose here that a diagnosis of CLD was made based on previous medical records (albeit incomplete).
Although the age of patients who developed ICU delirium was greater than those who did not, the differences were not statistically significant (P = 0.096). At admission, age is a strong predisposing risk factor for delirium in previous studies. [13] Patients with delirium had greater levels of pre-admission medical comorbidity (CCI score = 3.78; standard deviation [SD] = 2.40) than those who did not develop ICU delirium (CCI score = 3.30; SD = 2.43). However, the differences did not approach statistical significance. Patients who developed ICU delirium (aged 50 years and above) had a greater preexisting cognitive impairment, but the risk was not statistically significant ( 2 = 2.72, P = 0.099). Although the evidence for dementia as a risk factor for delirium is fairly established, various studies have defined and assessed cognitive impairment differently. [36] Most studies have performed a cognitive assessment during admission using the Mini-Mental Status Examination. However, we believe that the assessment of cognition in a critically ill patient admitted to the ICU would spuriously indicate impaired cognition. Hence, we assessed cognition by proxy retrospectively using a key informant/ caregiver (IQCODE). The only Indian study to have used the IQCODE reported cognitive impairment as a significant risk factor for delirium ( 2 = 22.52, P = 0.0001). [16] However, the authors have used a cutoff of 3.3 to detect impaired cognition, which is lower than that suggested by a review of the scale by Jorm et al. [37] These factors could have hindered our ability to arrive at a statistically significant result. Visual impairment was not significantly associated with delirium in our study. This is surprising as research evidence points to impaired vision being a predisposing risk factor for delirium. [36] However, the differential measurement of visual impairment in literature is quite evident. [36] Visual impairment has been variously defined as vision worse than 20/70, vision requiring aids and continuing to interfere with activities and an abnormal Jaeger test. This and the number of patients with visual impairment (n = 4) in the delirium group could be reasons why we could not find a significant association between visual impairment and delirium. Interestingly, no Indian study has systematically investigated for visual impairment as a risk factor for delirium in the ICU setting. History of depression did not significantly predict ICU delirium in our study. The relevance of depression as a predisposing risk factor is mixed with conflicting reports. [38, 39] A systematic review by O'Sullivan et al. found 17 studies which reported that depression conferred a 1.3-9-fold increased risk for delirium. However, the authors also note that these studies were predominantly in the geriatric population in postoperative surgical settings where the confounding effect of shared risk factors in the form of physical and psychological vulnerabilities conferred by cognitive impairment and frailty have not been accounted for. [40] Among the precipitating risk factors increased bilirubin, creatinine, mechanical ventilation, hypoxia, fever, and benzodiazepine administration were significantly associated with ICU delirium. Hyperbilirubinemia (total bilirubin >2 mg/dl) has been shown to precipitate delirium in the ICU. [41] Hepatic encephalopathy, a prototype of impaired liver function, leads to portosystemic shunting of toxic metabolites, primarily ammonia, which overwhelms the blood-brain barrier precipitating delirium. Raised creatinine levels have been significantly associated with delirium after adjusting for multiple confounders. [42] Renal damage can lead to inflammation in the brain, reduce the clearance of medications, metabolites, or other potential neurotoxins all of which can potentially precipitate delirium. Patients on mechanical ventilation, in our study, were three times (73.3%) more likely to develop delirium (  2 = 7.38, P = 0.000). Mechanical ventilation has strong evidence as a precipitating factor for ICU delirium. [13] The pain, agitation, and sedation involved in the process can all contribute to the development of delirium in this population. On subanalysis, we found that only 1 in 22 delirious patients on ventilation who were recognized by the ICU staff. This could not be explained by motoric subtypes as even hyperactive (n = 2) and mixed (n = 4) subtypes of delirium were missed in our sample (recognition rate 0%). One possible explanation is that ICU staff lack training in recognition of delirium in mechanically ventilated nonverbal patients. By using the CAM-ICU which has demonstrated high levels of sensitivity, specificity, and inter-rater reliability along with minimizing the assessment time to <2 min, we were able to detect delirium in this vulnerable population. Fever was a significant predictor of ICU delirium in our study ( 2 = 4.71, P = 0.03). Febrile states are, perhaps, the earliest known precipitants of delirium, recognized since the time of Hippocrates. Currently, the term sepsis-associated encephalopathy manifesting as fever has been implicated in direct cellular damage to the brain, mitochondrial and endothelial dysfunction, neurotransmission disturbances, and derangement of calcium homeostasis in brain tissue manifesting as delirium. [43] The study found hypoxia (SaO 2 <90%) to be a significant precipitating factor for delirium ( 2 = 7.38, P = 0.007). Cerebral hypoxia, at least in the early stages (hypoxic-ischemic encephalopathy) manifests as hypoactive or mixed delirious states. If unattended, critical neuronal injury supervenes leading to widespread cortical damage and coma. [44] Hence, it is imperative to recognize hypoxic delirious states since the precipitating events are usually cardiovascular in nature. Among medications administered in the ICU, only benzodiazepines were significantly associated with the development of delirium. We ruled out the possibility of this association being the confounding effect of benzodiazepines being administered for controlling hyperactive delirium (Chi-square test of significance of benzodiazepine use and motoric delirium subtype was nonsignificant  2 = 3.53, P = 0.17). Benzodiazepines increase the level of neurotransmitter GABA, resulting in increased sedation, especially when administered in hypoactive delirium. Indian studies by Sharma et al. [16] and Lahariya et al. [17] too concur with our findings. It is a common practice among ICU staff to manage behavioral problems with benzodiazepines like midazolam. However, the inherent risks of precipitating patients in pre-delirium to full-blown delirium must not be overlooked.
Pain levels were minimally different between delirious and nondelirious patients in our study. Although an association between postoperative pain and delirium [44] has been reported previously, they might not be relevant in the ICU setting due to the availability of adequate analgesia. Moreover, Indian studies of ICU delirium have not measured pain as a precipitating factor for delirium. [15] [16] [17] [18] [19] [20] The study indicates that delirium adversely impacts patient outcomes in terms of duration of ICU stay, ICU mortality and 1-month postdischarge mortality, all of which were greater in patients who developed delirium in the ICU. Poor outcomes of ICU delirium in terms of morbidity and mortality have been documented in systematic reviews. [10] Indian studies by Sharma et al. [15] and Lahariya et al. [16] have found a significant difference in both duration of stay and ICU mortality rates in delirious patients. However, we went a step further to follow-up the discharged patients (1-month postdischarge mortality) who experienced delirium to know the outcome. Surprisingly, we noted that these patients experienced significantly greater mortality rates (15.9%) within a month of discharge from the hospital. Thus, the impact of delirium, even when reversed or managed in the ICU seems to impact the postdischarge outcomes of patients. Given the increased morbidity and mortality associated with delirium, earlier diagnosis and treatment in ICU patients are important to improve prognosis, especially when reversible causes of delirium can be addressed.
The strength of the present study lies in its prospective nature and twice daily assessment of delirium (to not miss its fluctuating course). It is the largest Indian study of delirium in the medical ICU setting (n = 280). By using standardized rating scales and instruments such as the CAM-ICU, RASS, IQCODE, CCI, and BPS, the results of our study can be replicated and verified. This is also the first Indian study to assess pain as a precipitating factor for ICU delirium. This study is not without limitations. We relied on case records and possibly incomplete clinical history given by key caregivers of ICU patients. ICU staff could have recognized delirium but failed to make a diagnosis of delirium in the case files, which could have resulted in undervaluing recognition rates. The diagnosis of depression was made using a clinical interview of the patient and caregiver, the validity of which is difficult to establish in critically ill ICU patients. Preexisting cognitive impairment was assessed by proxy information using the IQCODE. Although this is not the ideal way to assess dementia, assessing for cognitive impairment in a critically ill ICU patient who is delirious by mental status examination could confound the findings. Since this was an observational study, we had no control over the laboratory tests and investigations ordered and had to make do with the available data.
CONCLUSION
Delirium, especially the hypoactive subtype is a frequent occurrence in critically ill ICU patients, goes unrecognized. Tobacco use, previous episodes of delirium, chronic liver disease were significant predisposing risk factors while mechanical ventilation, hypoxia, fever, raised levels of bilirubin, creatinine, and benzodiazepine administration significantly precipitated delirium in the medical ICU. When delirium develops in critical care patients, it is associated with poor outcomes in terms of greater duration of hospitalization, mortality both in the ICU and shortly after discharge.
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